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I N T R O D U C T I O N 
INTRODUCTION 
(A) As discussed by Lindquist and Strandberg^ ' the 
transition metal may be classified into two groups according 
to whether they are bonded to the thiocyanate group through 
the nitrogen or sulphur atom. Thus metal in the first transi-
tion series appear to form isothiocyanate complexes (N-bonded), 
whereas element in the second half of the second and third 
transition series tend to form thiocyanates(S-bonded), It is 
significant that this behaviour closely parallels the division 
into class(a) and class (b). This (a)-(b) division is based 
upon the stability constants of ion in solution i.e. the free 
energies of replacement one ligand by another. For class (a) 
metals the order of strength of attachment in water is F~>C1> 
Br~>l'' and for class (b) metals the order is reversed. In 
coordination compounds there are three ways in which the thio-
(2) 
cyanate ion can be attached to a metal cation^ : (i) through 
nitrogen, M-NCS, (ii) through sulphur N-S-CN, and (iii) throu^ 
both nitrogen and sulphur when the SCN group is a bridge, 
M-NCS-JM' , between two metal ions. The thiocyanato ligand in 
difunctional with both the nitrogen and sulphur atoms poten-
tially able to act as a electron pair donors. After coordina-
tion through the nitrogen and of the molecule, the sulphur and 
appears to remain able to donate electrons in coordinate 
covalent bond formation with such metal ions as mercury(II) 
or silver(l). An analysis of the fundamental vibrations of 
the thiocyanate anion has been done by Penney and coworkers^ ' 
who have assigned absorption band at 2053 cm to this stretching 
mode. Chatt et al.^^^ have studied a number of thiocyanate 
complexes of palladium platinum and silver and have shown that 
the C-N stretching frequency is found at higher wave numbers 
when the thiocyanate is bridging, than, when it acts as mono-
dentate coordinating ligand. The correlation between infrared 
band frequency and structure, rather than to set up any definite 
diagnostic rules, could be summarised as: 
(1) The CN frequency is at higher wave numbers in the 
order M-NCS < M-SCN < M-SCN-M', when all other 
factors are constant* 
(2) For a given disposition of the thiocyanate ion, 
the more polarising the cation (the greater its 
charge or its electronegativity, or smaller the 
cation) the greater the frequency of the CN 
vibration; 
(3) Bridged thiocyanates are formed with a variety 
of strengths, i.e. if the group(cation) M is 
sufficiently electropositive it coordinates with 
the thiocyanate, forming an unsymmetrical bridge 
M-NCS-M' or F.-SCN-M' , and the frequency moves to 
such higher values. 
Soderback in 1919 showed that oxidation of elemental 
arsenic and antimony with thiocyanogen in carbon disulphide 
solution produced the corresponding trithiocyanates. More 
general procedures for the preparation of non metallic thlo-
cyanates involve the reaction between the corresponding non 
metal chloride and lead(ll), mercury(ll) or silver thiocya-
nates^ ' either in benzene suspension or in even the absence 
of solvent. The use of silver thiocyanates in benzene sus-
pension has been extensively applied by Forbes and Anderson^ . 
Alkali metal or ammonium thiocyanates have also been used as 
suitable substituting agents, taking advantages of the solu-
bility of ionic thiocyanates and the essential insolubility 
of the resulting alkali metal or ammonium chlorides in organic 
solvents. 
As it is possible for the thiocyanate group to be 
bonded by either the sulphur atom on the nitrogen atom. The 
preparation of typical addition compounds indicates that the 
products from the reaction of potassium thiocyanate vdth substi-
tuted phosphorous chloride^ , acyl or aroyl chlorides^ -'^  , are 
isothiocyanates. Anologous reaction between alkyl halides 
and potassium thiocyanate in ethanol on the other hand, have 
been shown to yield the corresponding normal thiocyanates^ •', 
It has been shown from the molar refraction measurements that 
phosphorous trichlorides, phosphoryl chloride^ ' and the methyl 
chlorosilanes afford compounds with the isothiocyanate structure 
on treatment with metallic thiocyanates. 
Infrared spectroscopy has indicated that in all the 
compounds prepared the thiocyanate radical is attached to the 
central non metal by way of the nitrogen atom giving rise to 
isothiocyanates. Although analogous reactions with alkyl and 
substituted alkyl halides lead to formation of normal thio-
cyanates on distillation or suitable treatment at higher 
temperatures these compounds isomerize to isothlocyanate deri-
(12) 
vatlves considered to be therraodynamically more stable^ ' in 
comparision to the corresponding normal thiocyanates. 
Stable compounds containing the normal thiocyanate 
group are found in the case of aromatic thiocyanates and in 
thiocyanates complex with metal such as mercury(II) and platinum. 
These better elements show a marked tendency towards bond 
formation with sulphur, involving back donation of electrons 
from filled metal d orbitals to unfield sulphur orbitals. 
The organic isocyanates and isothiocyanates, RNCX 
(R=CH,, C2HC, CgHc X=0, S) are reported to be versatile Lewis 
(15) bases^ -^' because of the different possible coordination sites 
and the large variety of organic moeities that can be placed 
in the R position. However, relatively few attempts towards 
a better understanding of chemistry of these molecules are in 
the literature, probably because of the extream reactivity of 
RNCX molecules with common solvents and because of their lachry-
matory properties. The rubber industry has been issued several 
(14) patents^ ' on the use of RNCX with aluminium oxide and silicon 
oxide and with manganese(ll), Zirconium(lV) and Copper(ll). 
(15) (16) JAdducts of RNCS and iodine^ , phenol^ ' have been observed 
in solut ion. I t was not u n t i l 1967, G.Wilkinson prepared 
a series of RNCS Complex with platinum and rhodium and made 
a thorough study of the coordination of these adducts by 
i r & pmr spect roscopies . Vil la and Powell have also reported 
complexes of RNCS with some members of the f i r s t row t r a n s i -
(17) t ion series^ ' \ These organic isothlocyanate have been 
shown to coordinate through the C-S bond a l so , as represented 
by s t ructure ( F i g . l ) . There i s p o s s i b i l i t y of c i s - t r ans 
isomerism about the C=N bond, but there i s no evidence for 
the existence of isomers. The i . r . spectrum shows a ra ther 
_ < 1 
broad band centered a t 16A3 cm (CH,C1,solution) which can 
be a t t r ibu ted tol^CN s t r e t ch ing frequency. This i s Ca 450 cm 
below the assymetric NCS s t r e t ch ing frequency in free PhNCS^ ' 
but the band re t a ins much of the s p l i t t i n g and broadening 
normally associated with t h i s mode in the i . r . of organic 
isothiocyanates . Although most other bands of the PhNCS group 
were obscured by phosphine bands (Structure l ) , sharp bands a t 
1582s and 782 m cm""" has been a t t r i b u t e d to^C-C of Phenyl 
ring andyC-S respect ively (compared with 1594 and 927 cm in 
free PhNCS^^^\ 
A s t ruc ture with the PhNCS coordinated t o the metal 
atom via the C=N bond seems much l e s s l i k e l y . Since the i . r . 
spectrum contained no bands in 900-1200 cm region which 
might be a t t r ibu ted t o P C - S . The greater s t a b i l i t y of S-bonded 
isomer than of N-bonded isomer i s cons is ten t with the well 
known high a f f in i ty of platinum for sulphur compound with nitrogen. 
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For the complex [RhCl(PhNCS)2(PPh,)2] i.r. spectra 
suggest the structure as showi in Figure II. In addition to 
Ph:,P bands the i.r. spectrum shows a strong broad, and complex 
band around 1540 cm which has been assigned to a combination 
of the C-N stretching frequencies of " n-bonded" phenyl iso-
thiocyanate group and of the C=C of the phenyl groups. In 
addition, there are bands at 2155s and 925 cm which can be 
attributed "to y (NCS) andp^ (NCS) of the donor S-bonded 
phenyl isothiocyanate respectively. 
The first phosphorous isocyanates were actually 
reported as early as 1940, but untill 1954 the substances in 
this class were difficult to prepare and practically no investi-
gations had been carried out on them. The rapid development 
of this field began only with the discovery of simpler and more 
convenient methods of preparation. Phosphorous isocyanates 
are used for the preparation of phosphorylated urethanes and 
ureas. Some of them are physiologically very active and have 
found practical use as insecticides and drugs. The following 
types are known Phosphorous(III) Isocyanates XpPNCO and XP(NC0)2 
with X = Hal, alkoxy, aryloxy, alkyl and aryl. Phosphorous(V) 
isocyanates are very reactive and they can be prepared from 
rapidly obtainable starting materials. Phosphorous isocyanates 
in which halogen atoms are also attached to the phosphorous 
atom can react at two points in the molecule. The phosphorous 
(V) isocyanate behave similarly to •• carbon" isocyanates. 
They react very readily with alcohols, phenol, some amines and 
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other compounds bearing active hydrogen and can therefore 
serve as important starting materials for the synthesis of 
derivative of phosphoric acid and phosphinic acid. 
Phosphorous(III) isocyanates often exhibit chemical 
properties^ ' similar to those of phosphorous(III) chloride. 
The NCO groups show only a slight if any, tendency to enter 
into addition reactions. Phosphorous(III) isocyanates decora-
pose even in absence of air and moisture. Their stability 
increases in the series P(NCO), < C1P(NC0)2 < CI2PNCO. 
There is comparatively less interest shown towards 
the synthesis of substituted isothiocyanate derivatives of 
non metal atans other than carbon specially of P, As, Sb and 
Bi. Moreover, i t was reported that organo phosphorous(III) 
halides i . e . RPXp(X=Cl, Br.) afford the corresponding iso-
thiocyanate derivative when reacted under restricted condition 
with AgCN, Hg(SCN)2, Pb(SCN)2 °^ NH^NCS^^ ''^ . Furthermore the 
preparative procedure required heating in each case usually 
under reflux in a suitable solvent and thiocyanato compounds 
f22) 
of phosphorous are often thermally unstable. Fild found^ ' 
that further heating of freshely distilled CgF^P(NCS)2 lead to 
complete transformation to a mixture of two substances, which 
could not be separated by distillation. From NMR and other 
evidences he deduced that these were pentavalent phosphorous 
thiocyanato and cyano compounds i.e. 
2CgF^P(NCS)2 > C^F^P(S) (NCS)^ + C^F^P(S)(CN)^ 
(UU) 31 
Very recently Waddington et al. have carried out P NMR 
Spectral studies on RP(NCS)2(R=alkyl, aryl or C^Fc) to 
characterize these compounds. 
31 
P NMR spectrum of the mixture exhibited two signals 
upfield from that of the starting material assigned to RPX(NCS) 
and RPCNCS)^. The value of 61.2 ppm for CgFcP(NCS)2 is in 
C22) good agreement with the result of reported by Fild^ for 
freshely distilled compound. The Schift separation between 
RPCL2 and RP(NCS)2 is slightly larger for aliphatic than for 
aromatic R groups, but is quite similar for R=Me or Et, and 
for R=Ph or CgF^. 
The compounds were isolated as yellow coloured liquid 
but proved to be thermally unstable at room temperature, i.e. 
PhP(NCS)2 readily viscous turned to a dark brown viscous liquid. 
While the methyl and ethyl compounds were even more unstable, 
quickly becoming reddish brown and viscous liquid within the 
entry part of the inex-t atmosphere box. The most stable 
material was CgFcPCNCS)^? which had been isolated by Fild by 
distillation but further heating led to a mixture of two subs-
tances which could not be separated by distillation and gave 
31 higher-field P NMR signals at 7 and 40 ppm. Th€^ se were 
deduced to arise from CgFcP(S)(Nrs;2 and CgFcP(S)(CN)2 respec-
tively. 
It is therefore evident from the above discussion 
that the isolation of desired product out of the solution in 
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neat form has, invar iably , involved the r isk of decomposition 
which might have been responsible for the wanting i n t e r e s t 
regarding the study of t h e i r r e a c t i v i t y . The derivat ive of 
t h i s type (R0)2 PNCS are known and t h e i r r e a c t i v i t i e s towards 
(23) 
a few non-metallic reagents have been studied^ ', However, 
the corresponding R2PNCS analogues, to our knowledge, are not 
reported. The P-OR linkage in (R0)2PNCS i s capable to involve 
addi t ional pn-dir overlap between f i l l ed non-bonding pir o r b i t a l 
on oxygen and empty low lying dn o rb i t a l on phosphorous atoms 
which seems to be a deriving force for the apparent extra 
s t a b i l i t y of (R0)2PNCS compared to R2PNCS where such addi t iona l 
overlap i s not poss ib le . 
The addi t iona l ji overlap of P-OR bond in various P(V) 
der ivat ives i s reported^ to ef fec t , considerably the r e a c t i -
v i ty towards nucleophi l ic reagents and i s assumed to be operat ive 
in the mechanism of the reac t ions . The absence of s imi la r ir 
overlap in P-C bond of RP(NCS)2 as well as in R2P(NCS)2 mag 
evidently, render these der iva t ives lab i le^ ' in nature . In 
(25) a recent repor t , i t has been shown^ ' tha t s t a b i l i z a t i o n of 
an unstable phosphalkyne can be achieved by complex formation 
to metal center . I t can therefore , be emphasized tha t a f r ag i l e 
elemento-organic moeity possessing electron rich centres can 
re ta in i t s e n t i t y through coordination to metal ion. We are 
here report ing the i s o l a t i o n of s tab le t r a n s i t i o n metal 
complexes of an elusive P ( l l l ) der iva t ive , d iphenyl isothio-
cyanatophosphine being unstable in neat form, in v^ich the PNCS 
bonding has retained i t s e n t i t y providing P and S as p o t e n t i a l 
chelating cen t res . 
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PRESENT WORK 
The present work is the part of the project on the 
synthesis of noval moieties containing P-N bands v/here the 
nitrogen atom of the system could be a part of small inorganic 
molecule or a member of N-hetrocyclics with preferably multi-
basic centre. It was considered of interest to synthesise the 
compounds containing PNCS skeleton. The analogous RNCS 
organic isothiocyanates(R=alkyl, aryl or acyl) are quite well 
known and their reactivity towards non metallic as well as 
transition metal substrates have been extensively investigated 
and well documented in literature^ \ The preparations of 
derivatives in which N is bonded to an element other than 
carbon, specially to P and As have now become the subject of 
current investigation. We have tried to isolate the derivatives 
of the type R2PNCS and RP(NCS)2. 
The reaction of suitable helo substituted organophos-
phine with a potential thiocyanating agent in non polar solvent 
has been found to yield the desired product which however is 
air sensitive and decompose on heating or standing the reaction 
mixture for a few hours. It was, however, observed that iso-
lation of final product in neat form free from the solvent has 
resulted in the decomposition into the P(V) derivatives, which 
has been identified by physicochemicql studies on decomposed 
product. It may be emphasized that RpPNCS as well as RP(NCS)2 
are either oxygen sensitive to get oxidised into the corres-
12 
ponding P(V) derivative or the absence of the additional n 
bonding between C-P bond due to the non availability of empty 
pn orbital at carbon renders these derivatives labile in nature. 
Recently, it has been indicated that an unstable phospha-alkjme 
can be stablized^^' by coordination to suitable transition 
metal ions. A similar approach has been adopted to investigate 
if the R^CS moeity could retain its identity after complex 
formfetion. The reaction was therefore performed in presence of 
suitable transition metals or their organometallic derivatives 
preferably with strong n acid* It is interesting to note that 
in the complexes the PNCS entity is maintained. The list of 
the metal ions v*iich have been incorporated for this purpose 
range from the hard i.e. class (a) to soft class (b) nature 
(V^*, Mn^*, Fe^*, Co^ "*", Ni^ "*", Cu^* and Cu*). These complexes 
have been characterized using elemental analyses and molar 
conductance and magnetic susceptibility measurements as 
well as ir, -^  P NMR and electronic spectral studies. 
E X P E R I M E N T A L M E T H O D S 
13 
EXPERIMENTAL METHODS 
However, molecular geometry of the compound indicating 
the exact disposition of the various atoms in the molecule are 
obtained by using single cyrstal X-ray crystallographic studies. 
The present complexes have been analysed by using molecular 
weight and magnetic susceptibility measurements, I.R. electronic, 
reflectance spectral studies and -^  P NMR studies. 
The results of the elemental analysis for carbon, 
hydrogen and nitrogen were obtained by the Micro analytical 
laboratory of the Indian Institute of Technology, Kanpiir. The 
estimation of halogen was done gravimetrically^ '' and the 
metals were estimated by titrating with standard E.D.T.A, 
( 27) 
solution^ ' \ For the metal estimation, a known amount of 
complexes was decomposed with a mixture of nitric, perchloric 
and sulphuric acids and the halogen was estimated by fusing a 
known amount of the compound with fusion mixture (KNO, and 
K2C0^), 
The infrared and far infrared spec t ra were recorded 
as KBr discs on a Perkin Elmer 621(4000-200 cm"'') spectrophoto-
meter. Reflectance spectra of the sol id samples were recorded 
on Carl ze iss VSU-2P spectrophotometer using MgO as ca l ib ran t 
and e lec t ron ic spectra in CH2Cl2,THF or MeOH were recorded on 
a Pye unicam 8800 spectrophotometer at room temperature. 
Results of the Magnetic s u s c e p t i b i l i t y measurements were obtained 
by using a Faraday balance at 25'C ca l ib ra ted with Hg[Co(NCS), 3. 
14 
Molecular weights of the compounds were determined by Rast 
f 28) 
unethod^  ' using camphor as a solvent. 
Important group frequencies located In the I.R. spectra 
—NC9 stretching vibrations; 
The linear thiocyanate ion (N=C-S) exhibits three 
fundamental vibrations active in the infrared i.e. two stre-
—1 —1 
tching vibration at 2060 cm and 743 cm associated with 
the C=N and C-S bands respectively and a deformation vibration 
—1 — 
at 470 cm . However, it is well known that NCS ion can 
coordinate to metal ion through N as well as S centers. In 
the 'N' coordination as reported for the Co(Il), Ni(ll), Cr(Il) 
etc. isothiocyanates and also in mixed ligand isothiocyanates 
the characteristic l) „ and v)„ NCS frequencies are observed 
*^asym sym 
a t 2070-2150 cm"'' and 920-960 cm"'' r e s p e c t i v e l y . While f o r t h e 
(44) 
normal thiocyanate complexes like those of Hg(Il), Pt(ll) the 
characteristic bands are 2066 and 743 cm . In derivatives like 
RNCS, R,SiNCS, X, P(NCS) (^=1,2,3) g^^ ^^^^ ^^ HNCS, the non J :5—n n 
metal atom (i.e. C, Si, P and H etc.) are in general bonded to 
the 'N* end of the NCS group yielding the isothiocyanate 
analogues. These isothiocyanates usually exhibit a very intense 
band in the 2000-2100 cm region and a medium to strong band 
-1 
at Ca_ 900 cm characteristic o^ Vocvm ^^ *^ "^ svm ^^^ stretching 
vibrations. 
Metal-Chlorine stretching vibration 
The M-Cl stretching frequency for Ni(II),Cu(l), Cu(ll), 
Co(ll), Fe(Il) complexes appear about 300-320 cm" while for 
15 
Mn(Il), V(III) complexes i t appear at lower region i . e . 230-
250 cm"''. 
Metal-Phosphorous s t r e t ch ing Vibration 
The M-P s t re tch ing frequency appears as a weak band 
in the region 325-3AO cm 
Metal-Sulphur Stretching Vibration 
The M-S s t r e t ch ing frequency generally appear as 
doublet in the region 280-500 cm which are weak or some time 
of moderate i n t ens i t y . 
P-N s t re tch ing vibra t ion 
P-N s t re tch ing frequency i s of p a r t i c u l a r i n t e r e s t 
since i t provides d i rec t information about the formation of 
the new product. The s ingle bond P-N s t r e t ch frequency appear 
in the region 1050-1150 cm while the P=N s t re t ch frequency 
i s reported t o occur in 1300-1350 cm region. 
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EXPERIMENTAL 
Mate r i a l s and Methods 
Reagents used 
The r e a g e n t s , t r l pheny lphosph ine (SISCO), d l p h e n y l -
chlorophosphine( E.Merck), S l i v e r n i t r a t e (E.Merck), ammonium 
th iocyana te (E .Merck) , C0CI2.6H2O (Glaxo- Ind la ) , NlCl2»6HpO 
(BDH), CuCl2.2H20(E.Merck), MnCl2.4H20(E.Merck), FeCl^(E.Merck), 
VCl,(Fluka A,G.) were used as r ece ived . Solvents chloroform, 
dichloromethane, t e t r a h y d r o f u r a n , n-hexane, petroleum e t h e r , 
dlmethylforraamide, benzene, n i t r o b e n z e n e , n l t r a n e t h a n e , 
(29) 
methanol and e thano l were a l l d r i e d by l i t e r a t u r e methods^ . 
P repa ra t ion of p r e c u r s o r s 
1. Dehydratlon^^°^ of CoCl2.6H29,NiCl2.6H20, CUCI2.2H2O, 
MnCl2.4H20 : 
( a ) Dehydration of C0CI2.6H2O 
Fine CoCl2.6H20(6 gm) powder was placed in a f l a s k 
provided with a ground j o i n t and was covered with SOCI2. 
The mix ture was r e f luxed for s e v e r a l hou r s . The excess 
of SOCI2 which d i n g e d t o t h e p roduc t (b lue t o co lou r ) 
was removed by r e p e a t e d evacuat ion of f l a s k . 
(b) Dehydration of NiCl2.6K20 
NiCl2.6H20(lO gm) was mixed with 60 ml acetic anhy-
dride and heated for 1 hr filtered and dried in vacuo 
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giving yellow coloured c r y s t a l l i n e so l id , 
(c) Dehydration of CUCI2.2H2O 
CuCl2.2H20(5 gm) was refluxed with 50 ml S0Cl2« 
Removal of the excess SOClp was ca r r i ed out by d i s t i l l a -
t ion and evaporation of res idua l solvent in vacuum. 
2. Preparation^^ '^  of Chloro t r i s ( t r iphenylphosphine)-Copper(I ) t 
Triphenylphosphine(6.55 gm, 25 ramol) was dissolved in 
CHCl,, in which CuCl(0.6015 gm, 6.5 mmol) was added with 
continuous s t i r r i n g , and then dry CpHcOH was added followed by 
vigorous s t i r r i n g Ca 2 h r s . A shining white microcjrystalline 
so l id was separated out which was f i l t e r e d and dried in vacuo 
[M.Pt.150-l60<'C]. 
3» Preparation^"^ ^ of dichloro bis( tr iphenylphosphlne) -
N icke l ( l l ) : 
A solut ion of NiCl2.6H20(1.19 gm, 5 mmol) in water 
was d i lu ted with 25 ml g l ac i a l ace t ic acid and t r iphenyl 
phosphine(62.62 gm, 10 mmol) in 50 ml g l ac i a l ace t ic acid was 
added. The bluish green raicrocrystalline mass was p rec ip i t a t ed 
out on standing overnight which were f i l t e r e d off, washed with 
g l ac i a l ace t ic acid and dried in vacuum dessicatorfM.Pt. 244''C]. 
4. Formation of diphenylisothiocyanatophosphine-f(CgHc)2PNCS] 
Diphenylchlorophosphine(0.48 gm, 2ramol) was d i lu ted 
in CHCl, and an excess of AgSCN was added with continuous 
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s t i r r i n g under dry dini trogen atmosphere. The react ion 
mixture was allowed to s t l r r for about 1 hr at room tempera-
tu re . The AgCl and excess AgSCN were removed by f i l t r a t i o n . 
Removal of solvent in vacuo gave a yellow l iqu id which however 
on standing changed to a dark red-brown syrupness due to i t s 
decomposition(Please see Discussion). 
Preparation of dichloro diphenylisothiocyanatophosphine -
Nickel ( I I ) [m (CgH^)2pNCS CI2] 
A suspension of NiCl^CO.13 gm, 2 mraol) in CH2CI2 was 
t rea ted with freshly prepared solut ion of the l i gand( in - s i t u ) 
under dry Np atmosphere. There was an immediate change in the 
colour of the react ion mixture, v^ich was s t i r r e d for Ca 2 hours 
and l e f t standing for few hours. I t was f i l t e r e d off t o remove 
insoluble impurit ies and the mother l iquor was then mixed with 
hexane and kept for few days at ^ 5*C giving red microcrys-
t a l l i n e so l id [M.Pt. 194-196*>C]. 
Preparation of dichloro diphenylisothiocyanato phosphine -
Cobal t ( I I ) [Co (CgH5)2PNCS CI2] 
The reaction was performed in the same manner as 
described above for the NiClp case. The colour of mother l iquor 
changed to dark blue which a f t e r f i l t r a t i o n ( to remove impuri-
t i e s ) was mixed with hexane and kept for few days at Ca_ S'C 
giving blue microcrystal l ine sol id (M.Pt. 115-118*C). 
19 
Preparation of Chloro dlphenylisethlocyanato phosphlne -
Copper(l) [Cu iG^H^)2PiiCS CI] 
Freshly prepared ligand solution was reacted (in-situ) 
with vigorously stirred suspension of CuCl(0.195 gni,2 mmol) in 
CHpClp at room temperature under dry N^ atmosphere. The colour 
of solution changed to light green. The reaction mixture was 
stirred for Ca 2 hours and then filtered off, mixed with hexane 
and kept for few days giving light yellow microcrystalline 
solid [m.pt.232°C3, 
Preparation of dichloro dlphenylisothiocyanato phosphine -
Copper(II) [Cu iC^ti^)2PiiCS CI2] 
It was prepared in the manner as above by taking 
CuCl2(0.27 gm, 2 mmol) suspended in CHpClp which afforded 
yellow crystalline solid (m.pt.190°C). 
Preparation of trlchloro dlphenylisothiocyanato phosphlne -
Iron(llJ) [Fe (CgH5)2PNCS Cl^] 
It was prepared in the manner as above by taking 
FeCl,(0.3246 gm, 2 mmol) suspended in CHpClp which afforded 
brown microcrystalline solid [m.pt. 232*'C]. 
Preparation of Trlchloro dlphenylisothiocyanato phosphine-
Vanadium(lll) [V (CgH5)2PNCS Cl^] 
It was prepared in the manner as above by taken VCl, 
(O.5IA6 gm, 2 mmol) suspended in CHpClp which afforded yellowish 
green microcrystalline solid [m. pt. 260*'C]. 
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Preparation of chloro dlphenyllsothlocyanato phosphlne-
trlphenylphosphine Cu(l) [Cu(Ph,P) (CgHc)2PNCS CI] 
Freshly prepared ligand solution reacted(in-situ) 
with vigorously stirred suspension of fCuCl(PPh,),] (1.8905 
gm, 2 mraol) in CHpClp at room temperature under dry N2 
atmosphere. Colour of solution changed to orange yellow. 
The reaction mixture was stirred for Ca 2 hours and filtered, 
mixed with hexane and kept for few days giving white micro-
crystalline solid (m.pt.300<'C d]. 
Preparation of dichloro diphenylisothiocyanato phosphine 
triphenylphosphine Ni(ll) [Ni(Ph,P) (CgHc)2PNCS (Cl^ ]. 
It was prepared in the manner as above by taking 
[Ni(Ph^P)2Cl2] (1.3084 gm, 2 mmol) suspended in CH2CI2 which 
afforded red coloured microcrystalline needle shaped solid 
[m.pt.230«Cl. 
R E S U L T S AND D I S C U S S I O N 
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RESULTS AND DISCUSSION 
The reaction of (CgH^)2 PCI with AgSCN is, apparently, 
a metathetic reaction i.e. 
The complete conversion of the substrate dlphenyl chlorophos-
phine into isothiocyanate analogue has been ascertained by 
recording the ir spectrum of the reaction mixture at stages. 
The complete disappearance of the characteristic i) (P-Cl) 
—I 
stretching vibration at 520 cm with the simultaneous appear-
ance of a new strong band at 1150 cm assignable tol)(P-N) 
(55^ f^ 12") 
stretching vibration^-^ ' in addition to other characteristic^-^* ' 
Y) „„ andjj„_ NCS vibrations indicate the complete conversion 
f^ asym *^ sym 
i n t o t h e product (CgHc)2PNCS wi thout any t r a c e of unreac ted 
substance in t h e r e a c t i o n m i x t u r e . In o rgan ic i s o t h i o c y a n a t e s 
(RNCS) t h e t h r e e important s t r e t c h i n g modes which could be 
Cl3) 
expected to appear are the R-N stretch, the N-C stretch and 
C-X stretch vibrations. These three modes would be expected to 
intereact and mix with each other because of the extensive 
(N-C-S) n system and similarity in energy. In particular, the 
N-C stretch and C-X stretch are known to be highly mixed and 
indeed have been labelled as NCX asymetric stretch, iP g^g(NCX) 
and NCX symmetric stretch, y (NCX) vibration respectively. 
The free organoisothiocyanate ligands have "the ^ ( N C X ) in 
2300-2000 cm"'' region and the C-N stretch,!;^ (NCX) in 900 cm"'' 
° *^ sym 
region preponder ing with t h e r e s o n a t i c s t r u c t u r e s i n which 
22 
(1"5) 
structure-II is predominant^ i.e. 
R-N=C=S(I) > R-N"*" s C-S" (II) 
In the present moiety R2PNCS too "the i^ ^^ ^ (NCS) andi^^g (NCS) 
—1 —1 
vibrations are exhibited at 2080 cm and 930 cm respectively 
(Table-1) confirming the predominance of existence the canonical 
structure-B. The non bonded electrons pair at phosphorous atom 
is apparently free i.e. it does not interact with the NCS 
bonding. Moreover, phosphorous is covalently bonded to nitrogen 
of the linear NCS group in a way that it is not collinear with 
the NCS skelton similar to that observed in HNCS where hydrogen 
is slightly bent^^^^ from the NCS bonding i.e. 
(C6H5)^P^ (C6H5)2P 
N = C = S ^ ^ N = C - S 
( A ) CB) 
The vacuum evaporation of the react ion mixture has yielded a 
reddish brown syrupy o i l . The resu l t s of the elemental analyses 
of the o i l did not provide reproducible data and were also not 
in agreement with the expected stoichiometry of the product. 
The i r spectrum of the neat o i l showed a number of new bands 
in addition to those indicated in Table-I . The addi t ional 
bands at 1270 and 760 cm"'' are a t t r ibu ted t o ^ (P-C) and )>(P=S) 
s t re tch ing vibrat ions respect ively . Paeudo-antisymmetric and 
pseudo-symmetric NCS s t re tch ing v ibra t ions appear as strong 
23 
bands within 2150-2200 cm '' and 670-700 cm"'' regions in the 
thiocyanates, R-SCN, while in the isothiocyanates R-NCS, 1940-
—1 —1 
2080 cm and 920-1070 cm respectively. It seems, therefore, 
likely that NCS group is bonded through nitrogen atom rather 
than sulphur, giving rise to isothiocyanates structures. The 
precise composition of the decomposition product(s) has not 
been determined. However, the fragile (CgHc)2 PNCS shows 
considerable reactivity (in-situ) towards transition metal ions 
or their derivative complexes affording stable microcrystalline 
solid compounds. The result of the elemental analyses are 
compatible with the stoichiometry of compounds as shown in 
Table-2. The compounds were soluble in usual organic solvents, 
monomeric in nature behaving as non-electrolytes in nitromethane. 
The important bands observed in the ir spectra of the compounds 
have been summarized in Table-1. It is evident that the position 
of the characteristic NCS frequencies do not change significantly 
after complexation. 
Coordination through nitrogen atom would result in a 
decrease in the bond order between carbon and nitrogen atom 
indicating predominance of structure-A in complexes. This 
effect would be reflected by a large negative shift in the oevm 
NCS frequency compared too that in free ligand. However, 
sulphur coordination will maintain the predominance of struc-
ture-B and, consequently, )) , NCS frequency will remain un-
affected. Coordination through a C-S bond similar to that 
observed by Baired and Wilkinson^-^^^ in [Rh(Ph,P)2(PhPNCS)2Cl] 
2k 
and [Pt (Ph,P)2(PhNCS)] may a lso be poss ib le . The charac ter -
i s t i c NCS frequencies for such mode have been shown to l i e in 
the range 1700-1600 and 850-750 cm for asymmetric and 
symmetric NCS vibrat ion respect ive ly . 
In the present complexes, posi t ions of NCS frequencies 
do not change s ign i f i can t ly from tha t observed in the un-
complexed ligand (Table-1) suggesting coordination through 
Sulphur atom. Sulphur atcxn, a class (b) base on Pearson's 
scale^ , i s considered a good donor s i t e for c lass (b) meta ls . 
In the present complexes, the observed extra bas ic i ty of S atom 
in comparison t o N atom in the PNCS moiety, with c lass (a ) metals 
i s probably, the resu l t of the addi t ional free lone pa i r a t 
sulphur. Furthermore, sulphur i s a weak sigma donor, the M-S 
bond i s s t ab i l i z ed probably, by an addi t ional n back bonding^ ' 
from metal ion t o S'Ulphur atom. The c h a r a c t e r i s t i c M-S bond 
frequencies have been observed at the expected position^ ' in 
the far i r region. The i)(M-Cl) and i)(M-P) s t re tch ing frequen-
cies are a lso indicated at the appropriate pos i t ions . The 
posi t ion of P-N bond frequencies remains unaffected even by the 
involvement of phosphorous atoms in coordinat ion, which seems 
resonable in view of the discussion (vide Supra) tha t i t s lone 
pa i r i s free not i n t e rac t ing with the remaining port ions of the 
PNCS skeleton. 
31 
P NMR spectra of the complexes recorded in CDCl, 
exhibited a single broad signal in the range +20 to +50 ppm. 
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The resonance was considerably up-field compared to that 
reported^^^^' for RPX(NCS) at -f117.7 ppra. The up-field shift 
of the signal in the complexes reveals that the chelation Is 
associated with an additional shielding of phosphorous through 
additional n overlap between P(3dir) and metal (5d7r) orbitals 
leading to the delocalization of metal electrons. The observed 
broadening of signal for Ni(ll) complex is probably due to the 
well known reasons i.e. existence of paramagnetic species in 
solution e.g. as a result of dissociation or squar planar tetra-
hedral or high spin ^ low spin equilibria. 
The reflactance spectra of solids {^_){2_) (4) {3) (6) 
(7) and (8) were nearly identical to the electronic spectra of 
their solutions in non coordinating solvent suggesting the 
existence of similar species in solution as well as in solid. 
The observed magnetic moment vlalue of (4) is in the range of 
reported^ for high spin d configuration of the metal ion. 
The ligand field spectnjm contained bands with weak intensities 
because the excited states are of different spin multiplicity 
from the ground ( A^) state. Out of the nine expected sextet-
quartet transition from A^ to quartet excited states derived 
A A A A 
from G, D, P and F levels, the observed bands positions 
with their assignments have been shown in Table-3. Though it 
is difficult to distinguish the two expected tetrahedral and 
octahedral geometries from magnetic moment and ligand field 
data for d system, however, a tetrahedral structure for (U) 
seems reasonable. The ligand field spectrum of (_1_) (Table-3) 
26 
is characteristic of a squarplanar Ni(ll). The squar-
planar geometry is concomitant with its observed diamagnetic 
nature. The complex (8) is also diamagnetic in nature, however, 
its ligand field spectrum differ from that of (J[) but is very 
identical to that reported for Ni(Il) complexes with well 
defined trigonal bipyraraidal geometry^ . The five coordinate 
Ni(Il) complexes are known to exist in low-spin or high-spin 
squar pyramidal as well as trigonal bipyramidal geometries 
depending on the n bonding character of chelating centers^ . 
The ground confuguration of diamagnetic trigonal bipyramidal 
geometry is (e" ) (e') belonging to A* and the excited 
states are (e" )^ (e')^ (aj|) and (e" )^ (e')^ (a*) which belong 
to g» and E" respectively derived from the free ion term. 
The observed bands at 16950 and 23250 cm are characteristic 
of excitations ''E' < ''A* and ''E" < ''A' respectively. 
The very intense bonds occurring at higher energies are 
probably charge-transfer in origin. The single broad band 
observed at Ca 21000 cm for {"5) may be assigned to the blank 
of tetrahedrally coordinated Cu(II) which is shown to appear 
in 10000-20000 cm" region^ \ The main d-d band expected in 
the near ir region could not be recorded as it lies beyond the 
range of our instrument. The absence of a band in the 14000-
16000 cm region however, rules out any possibility of a 
squar-planar geometry for this complex. A regular tetrahedron 
does not seem feasible to view of well known reasons^ ' rather 
a flattening from regular tetrahedral geometry do occur^ ' in 
some cases. 
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The ^ gff value for ij) is much lower from the 
5 
calculated value for high spin d^ confugiration. This is 
probably due to the antiferromagnetic interaction^ which 
is known to be more pronounced in the presence of halogen 
bridging in the molecules. A chlorine bridged octahedral 
geometry for (7) may be involved in view of the present 
physico-chemical data. 
The Wgff values of (5)(6^) are within the range 
reported for d-^  and high spin d confugiration respectively. 
The ligand field spectrum of (6) is consistant with an octa-
hedral array of ligands around the metal ion. The highest 
energy d-d transition A- (F) -^  -^ T. (F) expected in 
40,000-35,000 cm region could not be assigned as it was 
masked by the strong charge transfer bands. 
The ligand field parameter 10 Dq, B and 3 evaluated 
—1 —I 
using the assignments (Table-3) are 17,222 cm , 688 cm and 
0.8 respectively. The B value show a considerable degree of 
covalence i.e. mixing of ligand orbitals with orbitals on the 
metal ion. The oligoraeric nature of the complex as is indica-
ted from its insolubility in most of the solvents suggest a 
chlorine bridged structure. However, bridging through ligand 
(L) can not be ruled out. The blue colour of {3) is indicative 
of a tetrahedral environment around Cobf^ lt (II) ion. 
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